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(54) OFDMA SIGNAL TRANSMITTING APPARATUS AND METHOD 



(57) In a transmission section, which performs an 
OFDMA signal transmission, a plurality of serial signals 
Is converted to parallel signals by a plurality of 
serial/parallel converters, the plurality of converted par- 
allel signals are rearranged at intervals of a power of 2 
by a rearranging apparatus, sub-carrier assignment is 
performed, and inverse Fourier transform is performed 
with respect to the number of sub-carriers, which has 
been varied depending on the number of rearranged 



parallel signals, so as to be changed to time waveforms. 
The transformed parallel s^nals are converted to serial 
signals by the parallel/serial converter, the converted 
serial signals are converted to analog signals by D/A 
converter and orthogonal modulator, ttiereafter convert- 
ing the analog signals to high frequency signals so as to 
be emitted. This configuration allows the amount of 
operations and power consumption to be reduced. 
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Description 
Technical Held 

[0001] The present invention relates to an OFDM A 
(Orthogonal Frequency Division Multiple Access) signal 
transmission apparatus and its method. 

Background Art 

[CMM)2] in mobile communications, overcoming mui- 
tipath fading and improving transmission quality have 
been conventionally present as problems to be solved. 
In connection with the multipath ^ing. there is a multi- 
carrier transmission as one of measures to transmit 
data with a good quality without lowering a symbol rate. 
[0003] OFDM (Orthogonal Frequency Division Mul- 
tiplexing) is one of multi-can'ier transmission systems, 
that is, one that sets a distance between adjacent sub- 
can-iers to 1/symbol rate to allow the distance between 
the sub-carriers to be narrowed at the maximum. 
[0004] Also. OFDMA is a system in which a plurality 
of users performs multiple access using OFDM. In the 
conventional OFDMA data transmission apparatus, 
there is proposed a method in which frequency division 
and time division are carried out when multiple acc^s 
is performed. Also, it has been considered that diversity 
is carried out in a frequency direction and a time direc- 
tion to make it possible to improve an error correction 
capability. 

[0005] FIG. 1 is a block diagram showing the config- 
uration of a transmission section in the conventional 
OFDMA signal transmission apparatus. FIG. 2 is a block 
diagram showing the configuration of a reception sec- 
tion in the conventional OFDMA signal transmission 
apparatus. 

[0006] A transnrtissk>n section 10 shown in FIG. 1 
mainly oonprises S/P (Serial/Parallel) converter 11. 
IFFT (Inverse Fast Fourier Transform) apparatus 12. 
P/S (Parallel/Serial) converter 13. a D/A (Digital/Analog) 
converter and orthogonal modulator 14. a transmission 
amplifier 15, and a transmission antenna 16. 
[0007] A reception section 60 shown in FIG. 2 
mainly comprises reception antenna 61 . quasi-coherent 
detector and A/D (Analog/Digital) converter 62, S/P 
converter 63. FFT (Fast Fourier Transform) apparatus 
64. and P/S converter 65. 

[0008] An explanation will be given of the operation 
of the conventional OFDM transmission and reception 
in the OFDMA signal transmission apparatus having the 
above-configured transmission section 10 and recep- 
tion section 60. In this case, it is assumed that transmis- 
sion section 1 0 and reception sectk>n 60 are provided in 
the base station of the mobile communication system 
(not shown) and the mobile station. 
[0009] First, an explanation will be given of the 
operation, which is performed when forward signals are 
transmitted to the mobile station from the base station. 



In the case of the forward OFDMA. the base station per- 
forms the same operation as the case In which the sub- 
carriers are present in all bands of OFDM no matter how 
the sub-carrier Is assigned to each mobile station. 

5 [0010] Transmission data shown in FIG. 1 is data 
with respect to each mobile station, and transmission 
data is input to S/P converter 11 simultaneously, and 
converted in parallel. If the number of sub-carriers is N. 
N complex number values are set after conversion. 

10 [0011] Here. 0 is placed at extra sub-carriers. The 
result is changed to time-waveform by performing Fou- 
rier transform of sub-carriers N by IFFT apparatus 12. 
Then, time series of sub-carriers N are arranged in 
order of time by P/S converter 13. Then, the result is 

IS converted to analog waveform, and orthogonally modu- 
lated by D/A converter and orthogonal modulator 14, 
thereafter converting the analog waveform to high fre- 
quency Then, the resultant signals are anplified by 
transmission amplifier 15. and the amplified signals are 

20 emitted from transmission antenna 1 6. 

[001 2] On the other hand, in the mobile station, the 
emitted signals are received by the reception antenna 
61 shown in FIG. 2 and the received signals are demod- 
ulated by quasi-coherent detector and A/D converter 

25 62. thereafter converting the demodulated signals to 
digital values by S/P converter 63. Then, the converted 
signals are converted to parallel signals every N sam- 
ple, thereafter the parallel signals are Fourier trans- 
formed to signals on a frec^ency axis by FFT apparatus 

30 64. Moreover, the converted signals are converted to 
serial signals by P/S converter 65 so as to okslain 
received data. 

[0013] Thus, since all sub-carriers are completely 
orthogonal to the forward signals, signals can be trans- 
35 mitted in a state that Interference between the respec- 
tive signals little occurs. 

[0014] Next, an explanatton will be given of the 
operation, which is performed when reverse signals are 
transmitted to the base station from the mobile station. 

40 In the case of the reverse OFDMA, as a method of mul- 
tiple access, there are a method in which the sub-carri- 
ers are divided and a method in which time division is 
carried out using sub-carriers, or a method, which mixes 
the above two methods. 

45 [0015] In the case of the method in which time divi- 
sion is carried out using all sub-carriers, the same oper- 
ation as that of the case of fonfvard signals is used, and 
only ON/OFF of transmission is added thereto. 
[0016] The method in which the sub-carriers are 

50 divided will be explained. A certain mobile station is 
assumed. The mobile station converts transmission 
data to parallel data using S/P converter li. if the 
number of sub-carriers assigned to the mobile station is 
N. N complex number values are set after conversion. 

55 [0017] Data is changed to time-waveform by per- 
forming Fourier transform of sub-carriers N by IFFT 
apparatus 12. Then, time series of sub-carriers N are 
arranged in order of time by P/S converter 13. Then. 
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data is converted to analog wavetomn, and orthogonally 
modulated by D/A converter and orthogonal modulator 
14, thereafter converting the analog waveform to high 
frequency. Then, the resultant signals are amplified by 
transmission amplifier 15, and the amplified signals are 
emitted from transmission antenna 16. 
[0018] The base station receives signals each hav- 
ing a different sub-carrier from a plurality of moksile sta- 
tions. Synthetic signals of signals emitted from the 
plurality of mobile stations are received through the 
reception antenna 61, and the received signals are 
denrrodulated by quasi-coherent detector and A/D con- 
verter 62, thereafter converting the demodulated sig- 
nals to cfigital values. Then, the converted signals are 
converted to parallel signals every N sample by S/P 
converter 63. thereafter the parallel signals are Fourier 
transformed to signals on a frequency axis by FFT 
apparatus 64. Moreover, the converted signals are con- 
verted to serial signals by P/S converter 65 so as to 
obtain received data. 

[0019] In the reverse signals, if frequency offset is 
present every mobile station and maximum Ooppler fre- 
quency is different, all sub-carriers are not completely 
orthogonal to the reverse signals. However, if these 
influences, which are exerted upon the symbol rate, are 
small, signals can be transmitted in a state that interfer- 
ence between the respective signals little occurs. 
[0020] However, in the conventional OFDMA signal 
transmission apparatus, the following prot^lems are 
present. 

[0021 ] First, in flie case of receiving the forward sig- 
nals, since the sut>-carriers can be separated only after 
FFT has been carried out. not only the sub-carriers 
assigned to the station but also the sub-canriers of all 
OFDM bands must be demodulated in the mobile sta- 
tion. For this reason, even if a traffic volume is low, the 
number of A/D converters and that of FFT apparatuses, 
which are the same as that off sub-caniers, must be pro- 
vided. This increases in the circuit scale and power con- 
sumption. 

[0022] Also, since the signals of ail OFDM users (all 
mobile stations) are syntiiesized and tiie syntiiesized 
signals are amplified by the transmission amplifier in the 
base station, the dynamic range is large and it is difficult 
to restrain nonlinear distortion. 
[0023] Moreover, since AFC (Automatic Frequency 
Control) is provided to only all OFDMA t>ands in the 
base station, deterioration in the quality of signals 
increases when the frequency offset differs depending 
on each mobile station or the maximum Doppler fre- 
quency is large. 

Disclosure of Invention 

[0024] A first object of the present invention is to 
provide an OFDMA signal transmission apparatus, 
which can reduce the amount of operations and power 
consumption, and Hs method. 



[0025] This object can be achieved by converting a 
plurality of serial signals to parallel signals, arranging 
tiie plurality of converted serial signals at intervals of a 
power of 2 to perform sub-carrier assignment, and per- 

5 forming inverse Fourier transform to the number of sub- 
carriers, which has been varied depending on tiie 
number of rearranged parallel signals, to be trans- 
formed to time waveforms in the transmission section, 
which performs an OFDMA signal transmission. 

10 [0026] A second olDject of the present invention is to 
provide an OFDMA signal transmission apparatus, 
which can restrain nonlinear distortion even if a trans- 
mission amplifier with a small dynamic range is used in 
a k>ase station, and Hs method. 

75 [0027] This object can be achieved by converting 
serial signals of the respective sequences to parallel 
signals, performing inverse Fourier ti-ansform with 
respect to the number of sub-carriers, which has been 
varied depending on the number of rearranged parallel 

20 signals, to be transformed to time waveforms, and con- 
verting tiie parallel signals to serial signals in the trans- 
mission section, which performs an OFDMA signal 
transmission. 

[0028] A third object of the present invention is that 
25 high quality reception can be carried out even if fre- 
quency offset is different depending on each mobile sta- 
tion and maximum Doppler frequency is large in the 
base station. 

[P029] This object can be achieved by making the 
30 frequency bands of the signals transmitted from the . 

respective mobile stations different from each other. 

dividing received signals cortverted to digital signals for 

each frequency band, converting tiie signals to k>ase 

t>arxl signals for the respective bands, limiting the sig- 
35 nals. converting tiie limited signals to parallel signals. 

performing Fourier transform with respect to the signals. 

and converting the parallel signals to serial signals. 



Brief Description of tiie Drawings 

40 

[0030] 

FIG. 1 is a block diagram showing a transmission 
section in a conventioneU OFDMA signal transmis- 
45 sion apparatus; 

FIG. 2 is a block diagram showing a reception sec- 
tion in a conventional OFDMA signal reception 
ti'ansmisision apparatus: 

FIG. 3 is a block diagram showing a transmission 
so section in an OFDMA signal transmission appara- 
tus according to a first embodiment of the present 
invention: 

FIG. 4 is a sub-carrier assignment view showing a 
first example of sub-carrier assignment in the 
55 OFDMA signal f ansmission apparatus according 
to the first errdxxliment of the present invention; 
FIG. 5 is a sub-carrier assignment view showing a 
second example of sub-carrier assignment in the 
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OFDMA signal transmission apparatus according 
to the first embodiment of the present invention: 
FIG. 6 is a block diagram showing a transmission 
section in an OFDMA signal transmission appara- 
tus according to a secorKi embodiment of the 
present Invention; 

FIG. 7 is a block diagram showing a transmission 
section in an OFDMA signal transmission appara- 
tus according to a third embodiment of the present 

invention: 

FIG. 8 is a configuration view of effective symbols to 
explain the operation of the OFDMA signal trans- 
mission apparatus according to the third emtx)di- 
ment of the present invention: 
FIG. 9 is a block diagram showing a transmission 
section in an OFDMA signal transnrtisslon appara- 
tus according to a fourth embodiment of the present 
invention: 

FIG. 10 is a block diagram showing a transmission 
section in an OFDMA signal transmission appara- 
tus according to a fifth emtxxllment of the present 
invention; 

FIG. 11 is a sub-canier assignment view showing 
an example of sub-carrier assignment in the 
OFDMA signal transmission apparatus according 
to the fifth embodiment of the present invention; 
FIG. 12 is a block diagram showing a reception sec- 
tion in the OFDMA signal transmission apparatus 
according to the fifth embodiment of the present 
Invention; 

FIG. 13 is a block diagram showing a transmission 
section In an OFDMA signal transmission appara- 
tus according to a sixth embodiment of the present 

invention; 

FIG. 14 is a sub-carrier assignment view showing 
an example of sut>-carrier assignment in the 
OFDMA signal transmission apparatus according 
to the sixth embodiment of the present invention; 
FIG. 15 is a block diagram showving a transmission 
section in an OFDMA signal transmission appara- 
tus according to a seventh embodiment of the 
present invention; 

FIG. 16 is a block diagram showing a reception sec- 
tion in an OFDMA signal transmissk>n apparatus 
according to an eighth emtxxliment of the present 
invention; and 

FIG. 17 is a block diagram showing a reception sec- 
tion in an OFDMA signal transmission apparatus 
according to an ninth enrtixxiiment of the present 

invention. 

Best Mode for Can^ylng Out the Invention 

[0031 ] Embodiments of the present invention will be 
described with reference to the accompanying drawings 
herewith. 



(First embodiment) 

[0032] FIG. 3 is a block diagram showing the config- 
uration of a transmission section in an OFDMA signal 

5 transmissiori apparatus according to a first embodiment 
of the present invention. It shouU be noted that trans- 
nvsslon section 100 shown in FIG. 3 is an exanple of 
the configuration in the base station when imiHqple 
access Is provided to four users (four mobile stations). 

10 [0033] The feature of the first emtxxiiment lies in 
that ^e sub-carriers are selected at intervals of a power 
of 2 and assigned if an amount of information to be 
transmitted is small, thereby the total number of IFFT 
operations used in the transmission can be reduced low 

75 power consunption can be improved. 

[0034] The transmission section 100 shown in FIG. 
3 mainly comprises S/P converters 101 to 104. rear- 
ranging apparatus 105. IFFT apparatus 106. P/S con- 
verter 107, D/A converter and orthogonal modulator 

20 108. and a transmission anplifier 109, and a transmis- 
sion antenna 110. 

[0035] FIG. 4 is a sub-cam'er assi^iment view 
showing a first example of siri^-carrler assignment in the 
OFDMA signal transmission apparatus according to the 
25 first emtxxJiment of the present invention, that is an 
example of using 16 suk^-can'iers to be divided by two 
users (A. B). 

[0036] In the case of 1 6 sub-carriers, if 8 sub-carri- 
ers are assigned to each user, two users can be con- 

30 tained. Here, as shown in FIG. 4, it is assumed that user 
A transmission data is assigned to even-numbered sub- 
carriers and user 8 transmission data is assigned to 
odd-numbered sub-carriers. When user B does not per- 
form communications, only even-numbered sub-carri- 

35 ers are present. In this case, performance of IFFT, 
which is used in modulation, makes it possible to halve 
the number of sub-carriers, which are used to change 
data to time waveform. 

[0037] FIG. 5 is a sub-carrier assignment view 

40 showing a second example of sub-carrier assignment in 
the OFDMA signal transmission apparatus according to 
the first embodiment of the present invention, that is an 
example of using 16 sub-carriers to be divided by four 
users (A, B. C, D). 

45 [0038] For example, in the case of 16 sub-carriers, 
if 4 sub-carriers are assigned to each user, four users 
can be contained. Here, as shown in FIG. 5. it is 
assumed that user A transmission data is assigned to 
sub-carriers where a remainder of 4 is 0 and user B 

50 transmission data is assigned to sub-carriers where a 
remainder of 4 is 1. Also, it is assumed that user C 
transmission data is assigned to sub-canriers where a 
remainder of 4 is 2 and user D transmission data is 
assigned to sub-carriers where a remainder of 4 is 3. 

55 When only user A performs communications, only the 
sub-carriers where the remainder of 4 is 0 are present. 
Thus, the sub-carriers are assigned to each user at 
Intervals of four sub-carriers, allowing the number of 
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sub-carriers of IFFT used in modulation to be reduced 
to 1/4 in the case of only one user. Simitarly. the number 
of sub-carriers of IFFT can be reduced to 1/2 in the case 

of only two users. 

[0039] FIG. 3 is an example in which the base sta- 
tion contains four users, and it is assumed that the total 
number of sub-carriers Is N. User A transmission data, 
user B transnrtission data, user C transmission data, and 
user D transmission data are converted to parallel data 
every fsl/4 syml^ol by different S/P converters 101 to 
1 04. respectively. 

[0040] The resultant data is rearranged by rear- 
ranging apparatus 105 such that the sub-carriers are 
rearranged to have intervals of the power of 2. In this 
case, the interval is 4. 

[0041] IFFT apparatus 106 and P/S converter 107 
set the number of sub-carriers and that of samples to be 
variable in unit of the power of 2 as in N, N/2. N/4. 
[0042] This makes it possible to set the number of 
sub-camers of IFFT apparatus 106 and that of samples 
of P/S converters 1 07 to N/4. Ny2. respectively when the 
number of users, which perform communications is one 
or two. For this reason, the numk>er of operations can be 
reduced depending on the amount of information to be 
transmitted, and this allows reduction in power con- 
sumption to be improved. 

[0043] When the number of sub-carriers is smaller 
than N, the same output data of P/S converter 107 is 
repeatedly used. Even a case in which only the sub-car- 
riers where the remainder of 4 is a value other than 0 (1 
or 2) are transmitted, the above can be applied to such 
a case by repeatedly using the output data of P/S con- 
verter 107 in a state that the positive and negative are 
inverted. 

[0044] Output data of P/S converter 107 is modu- 
lated by D/A conversion/orthogonal modulator 108 and 
the modulated data is amplified by transmission ampli- 
fier 109. and the amplified data is emitted from trans- 
mission antenna 1 10. 

[0045] Thus, in the transmission section, which per- 
forms OFDM A signal transmission, the plurality of serial 
signals is converted to parallel signals, respectively, and 
the converted parallel signals are rearranged at inter- 
vals of the power of 2. and the sub-carrto- assignment is 
candied out. Then, inverse Fourier transform is- per- 
formed with respect to the number of sutxarriers. 
which has been varied depending on the number of 
rearranged parallel signals, so that transform to time- 
waveform is carried out. This makes it possible to 
reduce the number of operations, and the reduction the 
reduction in power consumption resulting from the 
reduction in the number of operations can be improved. 
[0046] Though this embodiment explained the 
example of the transmission in the base station, the 
similar operation and effect can be obtained even in the 
transmission in the mobile station. 



(Second embodiment) 

[0047] FIG. 6 is a block diagram showing the config- 
uration of the transmission section in the OFDMA signal 
5 transmission apparatus according to a second emtxxfi- 
ment. 

[P048] The feature of second enr^3odiment lies in 
that when a traffic volume is low. the sub-carriers are 
selected at a fixed interval and assigned, whereby 

10 reducing the total number of operations of IFFT used in 
the transmission so as to improve the reduction in 
power consumption. Also, the feature thereof lies in that 
the output of each FFT is arrplif led by a different trans- 
mission amplifier so as to reduce the dynamic range per 

IS one transmission amplifier. 

[0049] Transmission section 200 shown in FIG. 6 
mainly comprises S/P converters 201 to 204. IFFT 
apparatuses 205 to 208. P/S converters 209 to 21 2, D/A 
converter and orthogonal modulators 213 to 216, trans- 

20 mission amplifiers 217 to 220, a mixer 221. and trans- 
mission antenna 222. 

[0050] In such a configuration, the same sid)-canrier 
assignment as that of the first enrdxxfiment Is per- 
formed. 

25 [0051] User A transmission data is converted to 
parallel data by S/P converter 201 and this parallel data 
is converted to data of a time region by IFFT apparatus 

205. This converted data is converted to serial data by 
P/S converter 209, and D/A converter and orthogonal 

30 rvKXiulator 213 converts this serial data to analog sig- 
nals, thereafter orthogonally nrtodulates the analog sig- 
nals. Moreover, the orthogonally modulated signals are 
amplified by the transmission amplifier 217, and the 
amplified signals are output to mixer 221 . 

35 [0052] User B transmission data is converted to 
parallel data by S/P converter 202 and this parallel data 
is converted to data of a time region by IFFT apparatus 

206. This converted data is converted to serial data by 
P/S converter 210 and D/A conversion/orthogonal mod- 

40 ulator 214 converts this serial data to analog signals, 
thereafter orthogonally modulating tiie analog signals. 
Further, the modulated signals are amplified by the 
transmission anrplifier 218. and the amplified signals 
are output to mixer 221 . 

45 [P053] Transmission section 200 shown in FIG. 6 
mainly comprises S/P converters 201 to 204. IFFT 
apparatuses 205 to 208. P/S converters 209 to 212, D/A 
converter and orthogonal modulators 213 to 216. trans- 
mission amplifiers 217 to 220. a mixer 221. and trans- 

50 mission antenna 222. 

[P054] In such a configuration, the same sub-camer 
assignment as that of the first embodiment is per- 
formed. 

[0055] User A transmission data is converted to 
55 parallel data by S/P converter 201 and this parallel data 
is converted to data of a time region by IFFT apparatus 
205. This converted data is converted to serial data by 
P/S converter 209. and D/A converter arxJ orthogonal 
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modulator 213 converts this serial data to analog sig- 
nals, thereafter orthogonally modulates the analog sig- 
nals. Moreover, the orthogonally modulated signals are 
amplified by the transmission amplifier 217. and the 
amplified signals are output to mixer 221 . 
[0056] User B transmission data is converted to 
parallel data by S/P converter 202 and this parallel data 
is converted to data of a time region by IFFT apparatus 
206. This converted data is converted to serial data by 
P/S converter 210 and D/A conversion/orthogonal mod- 
ulator 214 converts this serial data to analog signals, 
thereafter orthogonally modulating the analog signals. 
Further, the modulated signals are amplified by the 
transmission amplifier 218, and the amplified signals 
are output to mixer 221 . 

[0057] User B transmission data is converted to 
parallel data by S/P converter 202 and this parallel data 
is converted to data of a time region by IFFT apparatus 

206. This converted data is converted to serial data by 
P/S converter 210 and D/A conversion/orthogonal mod- 
ulator 214 converts this serial data to analog signals, 
thereafter orthogonally modulating the analog signals. 
Further, the nxxlulated signals are amplified by the 
transmission amplifier 218. and the amplified signals 
are output to mixer 221 . 

[0058] User C transmission data is converted to 
parallel data by S/P converter 203 and this parallel data 
is converted to data of a time region by IFFT apparatus 

207. This converted data Is converted to serial data by 
P/S converter 21 1 and D/A conversion/orthogonal mod- 
ulator 215 converts this serial data to analog signals, 
thereafter orthogonally modulating the analog signals. 
Further, the modulated signals are anplified by the 
transmission amplifier 219, and the amplified signals 
are output to mixer 22 1 . 

[0059] User D transmission data is converted to 
parallel data by S/P converter 204 and this parallel data 
is converted to data of a time region t>y IFFT apparatus 

208. This converted data is converted to serial data by 
P/S converter 212 and D/A conversion/orthogonal mod- 
ulator 216 converts this serial data to analog signals, 
thereafter orthogonally modulating the analog signals. 
Further, the modulated signals are amplified by the 
transmission amplifier 220, and the amplified signals 
are output to mixer 221 . 

[0060] Mixer 221 mixes all signals orthogonally 
modulated, and the mixed signal is emitted through the 

transmission antenna 222. 

[0061] Though the above explained the example of 
the transmission in the base station, the similar opera- 
tion and effect can be obtained even in the transmission 
in the mobile station if a kind of information to be trans- 
mitted is different and the transmission rate is variat)le. 
[0062] Thus, in the transmission section, which per- 
forms OFDMA signal transmission, the serial signals 
are converted to parallel signals. Then, inverse Fourier 
transform is performed with respect to the number of 
sub-caniers, which has been varied depending on the 



number of converted parallel signals, so that transform 
to time-wavefbrm is earned out. Then, the converted 
parallel signals are converted to serial signals. This 
allows power consumption to be reduced without per- 
5 forming IFFT with respect to the vacant sub-carriers 
where no data is transmitted. 

[0063] This embodiment has advantages over the 
first emlxxilment In the following points. Namely, the 
number of operations of IFFT is proportional to N • 

10 log2N if tiie number of sub-carriers is N. For tiiis reason, 
if two IFFT apparatuses with N/2 are provided, 
N • log2(N/2) is established, and if four IFFT appara- 
tuses with NI/4 are provided, N • log2(N/4) is estab- 
lished. In either of two cases, since the total number of 

IS operations is smaller than IFFT with N. tiie total number 
of operations can be reduced by this configuration. 
[0064] Moreover, since the number of sub-carriers 
is small in the input signal to each transmission ampli- 
fier, the dynamic range, which is required in the trans- 

20 mission amplifier, is small, the range of linearity may be 
narrow, and an optimal amplification can be easily real- 
ized. 

(Third embodiment) 

25 

[0065] FIG. 7 is a block diagram showing the config- 
uration of a transmission section in an OFDMA signal 
transmission apparatus according to a third embodi- 
ment of the present Invention. 

30 [0066] The feature of the third embodiment lies in 
the following points. Namely, in the case of the transmis- 
sion in which the sub-carriers are selected at irrtervals 
of the power of 2 and assigned as explained in the first 
and second embodiments, demodulation is performed 

35 by a plurality of FFT apparatus with a small number of 
sub-carriers when the amount of information to be 
transmitted is small, whereby reducing the total number 
of FFT operatfons on the receiver side so as to 
decrease power consumption. 

40 [0067] Reception section 150 shown in FIG. 7 
mainly comprises reception antenna 151, quasi-coher- 
ent detector and A/D converter 152,S/P converters 153 
to 156, FFT apparatuses 157 to 160, P/S converters 
161 to 164, and syntiiesizer 165. 

45 [0068] This configuration corresponds to the case 
in which the sub-carriers are used at intervals of 4 on 
the transmission side as shown in FIG. 5. 
[0069] FIG. 8 is a configuration view of effective 
symbols to explain the operation of the OFDMA signal 

so transmission apparatus according to the third embodi- 
ment of the present invention. In FIG. 8. signal a 301 . 
signal b 302, signal c 303. and signal d 304 are signals, 
which are obtained by dividing the effective symbol into 
quarters. In the case of OFDMA. signals 301 to 304 

55 become all the same. For example, if the symbol rate is 
1 bps and the frequency of effective symbol is 4 Hz. the 
respective signals 301 to 304 correspond to one cycle 
of the effective symbol. 
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[0070] For this reason, the signals, which are 
obtained by demodulating the signals received by 
reception antenna 151 by orthogonal modulator and 
A/D converter 152 and sampling them, are divided into 
four at time. Then, one of them is demodulated by 
sequence processing of S/P converter 153, FFT appa- 
ratus 157, and P/S converter 161 . Similarly, one of three 
residual signals is demodulated by sequence process- 
ing of S/P converter 154, FFT apparatus 158, and P/S 
converter 162. Similarly, one of two residual signals Is 
demodulated by sequence processing of S/P converter 
155, FFT apparatus 159, and P/S converter 163. Simi- 
larly, one residual signal is demodulated by sequence 
processing of S/P converter 156, FFT apparatus 160, 
and P/S converter 164. 

[0071] Then, the demodulation results, which have 
been output from P/S converters 161 to 164, are syn- 
thesized by synthesizer 165 so as to obtain received 
data having a good quality. 

[0072] In a case in which signals 301 to 304 use 
only the sub-carriers where the remainder of 4 is a value 
other than 0 (1 or 2 or 3), a difference between positive 
and negative states occurs as compared with the case 
in which the remainder of 4 is 0. However, by synthesiz- 
ing the signals after compensation, the same perform- 
ance as the case in which the sub-carriers where the 
remainder of 4 is only 0 can be obtained. The same 
effect can be obtained regardless of the base station 
and the mobile station. The nund3er of FFT operations k 
proportional to N • log2N if the number of sub-carriers is 
N. For this reason, if two IFFT apparatuses with W2 are 
provided. N • log2 (N/2) is established, and if four 
IFFT apparatuses witii N/4 are provided. 
N • log2 (N/4) is established. In eitiier of two cases, 
since the total number of operations is smaller tiian FFT 
with N, the total number of operations can be reduced 
by this configuration. 

[0073] Thus, in the reception section, which 
receives the signals to which or^y the sub-carriers are 
assigned at intervals of the power of 2 by the OFDMA 
signal transmission, the signals are converted to digital 
signals after being ortiiogonally demodulated, and ttie 
digital signals are divided at each time. Then, the 
respective signals are converted to the parallel signals, 
Fourier transform is performed, and the parallel signals 
of the plurality of sequences are synthesized. This 
makes it possible to reduce the total number of opera- 
tions as compared witii the conventional FFT in which 
the sub-carriers N are processed. 

(Fourth embodiment) 

[0074] FIG. 8 is a block diagram showing the config- 
uration of a transmission section in an OFDMA signal 
transmission apparatus according to a fourth embodi- 
ment of the present invention. 

[0075] The feature of the fourth embodiment lies in 
the following points. Namely, in the case of the transmis- 
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sion in which the sub-carriers are selected at intervals 
of the power of 2 and assigned as explained in the first 
arxi second emtxxfiments. demodulation is performed 
by a plurality of FFT apparatuses with a small number of 

5 suk>-carriers when the amount of information to be 
transmitted is small. Also, the nun^er of signals to be 
synthesized is selected by use of an en'or detection, 
whereby the total number of FFT operations can be 
reduced on the receiver side without performing unnec- 

10 essary FFT so as to decrease power consumption. 
[0076] Reception section 250 shown in FIG. 9 
mainly comprises reception antenna 251 , orthogonal 
modulator and A/D converter 252.S/P converters 253 to 
256. FI=T apparatuses 257 to 260, P/S converters 261 

IS to 264. error detector 265 to 267. switches (SW) 268 to 
270, synthesizers 271 to 273, and selector 274. 
[0077] As described in first and second emt>odi- 
ments. if the sub-caniers to be transmitted are set at 
intervals of the power of 2. the signals, which are 

20 obtained by dividing the effective symbol into quarters, 
are used when the sub-carriers in which tiie remainder 
of 4 is 0 are used. Signals 301 to 304 shown in FIG. 8 
become all the same. 

[0078] For this reason, the signals, which are 
25 obtained by demodulating the signals received by 
reception antenna 251 by orthogonal modulator and 
A/D converter 252 and sampling them, are divided into 
four at time. Then, signal a 301 . which is the first part of 
the signals, is demodulated by the first sequence 
30 processing of S/P converter 253. FFT apparatus 257, 
and P/S converter 261 . 

[0079] The result is error detected by error detector 
265. If there is no error, demodulation can be ended at 
ttiis time, and stop control is provided to switches 268 to 
35 270 not to perform the demodulation of the other three 
sequences, with the result that power consumption is 
reduced. 

[D080] At this time, selector 274 selects the output 
of P/S converter 261 , and the selected output is used as 

40 reception data. 

[0081] While, if an en-or is detected by en-or detec- 
tor 265, the second signal b 302 is demodulated by the 
second sequence processing. Namely, first of all, switch 
268 is controlled to pass the signals from orthogonal 

45 modulator and A/D converter 252, and then demodula- 
tion is provided to signal b 302 by S/P converter 254. 
FFT apparatus 258. and P/S converter 262. 
[0082] This demodulation result and the demodula- 
tion result from the P/S converter 261 of the first 

so sequence are synthesized by ttie synthesizer 271 . This 
allows S/N ratio to be improved, with tiie result that the 
probability of enror detection can be reduced. 
[0083] The result of the synthesizer 271 is error 
detected by en-or detector 266. If there is no error. 

55 demodulation can be ended at this time, and stop con- 
trol is provided to switches 269 and 270 not to perform 
tiie modulation of the other two sequences of the back 
stages, with the result that power consumption is 
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reduced. Also, selector 274 selects the output of syn- 
thesizer 271, artd the selected output Is used as recep- 
tion data. 

[0084] if an error is detected by error detector 266, 
the third signal c 303 is demodulated. Namely, first of 5 
all. switch 269 is controlled to pass the signals, and then 
demodulation is provided to signal c 303 by S/P con- 
verter 255. FFT apparatus 259, and PfS converter 263. 
[0085] This demodulation result and the demodula- 
tion results from the P/S converters 261 and 262 are 
synthesized by the synthesizer 272. This allows S/N 
ratio to be further improved, with the result that the prob- 
ability of error detection can be further reduced. 
[0086] The result of the synthesizer 272 is error 
detected by error detector 267. If there is no en^or, 
demodulation can be ended at this time, and stop con- 
trol is provided to switch 270 not to perform the modula- 
tion of the last sequence, with the result that power 
consumption is reduced. 

[0087] At this time, selector 274 selects the output 
of synthesizer 272. and the selected output is used as 
reception data. In this case, synthesizer 272 may syn- 
thesize the result of P/S converter 263 with that of syn- 
thesizer 271. 

[0088] If an error is detected by error detector 267, 
the fourth signal d 304 is demodulated. Namely, first of 
all, switch 270 is controlled to pass the signals, and then 
demodulation is provided to signal d 304 by S/P con- 
verter 256. FFT apparatus 260, and P/S converter 264. 
[0089] This demodulation residt and the demodula- 
tion results from the P/S converters 261, 262, 263 are 
synthesized by the synthesizer 273. This allows S/N 
ratio to be further improved, with the result that the prob- 
ability of detection of error can be further reduced. 
[0090] Even if the synthesized result is error 
detected, the result is unconditionally selected by selec- 
tor 274 and the selected result is used as reception data 
since there is no means for further improving S/N. In this 
case, synthesizer 273 may synthesize the result of P/S 
converter 264 with that of synthesizer 272. 
[0091] in a case where signals 301 to 304 use only 
the sub-carriers where the remainder of 4 is a value 
other than 0, a difference between positive and negative 
states occurs. However, by synthesizing the signals 
after compensation, the same performance as the case 
in which the sub-caniers where the remainder of 4 is 
only 0 can be obtained. The same effect can be 
obtained regardless of the base station and the mobile 
station. 

[0092] Thus, in the reception section, which 
receives the signals to which oitiy the sub-carriers are 
assigned at intervals of the power of 2 by the OFDMA 
signal trar^mission, the signals are converted to digital 
signals after being orthogonally demodulated, and the 
digital signals are divided at each time. Then, the 
respective signals are converted to the parallel signals 
and Fourier transformed to the signals on a frequency 
axis. Then, the signals are converted to the serial sig- 



nals, and the serial signals of the plurality of sequences . 
are synthesized. This makes rt possft}le to reduce the 
total number of operations as compared with the con- 
ventional FFT in which the sub-carriers N are proc- 
essed. 

[0093] Thus, in the reception section, which 
receives the signals to which only the siib-carriers are 
assigned at inten/als of the power of 2 by the OFDMA 
signal transmission, the first part of the signals, which 
have been obtained by converting the signals to digital 
signals after t>eing orthogonally demodulated and divid- 
ing the digital signals at each time, is converted to the 
parallel signal and Fourier transformed. Then, the paral- 
lel signal is oonverted to the serial signal, and the serial 
signal is error detected. If an error is detected, the simi- 
lar processing is provided to the signal part of the next 
stage and the resultant signal and the previouis signal 
are synthesized with each other. 
[0094] AftenA/ard. as long as the error is present in 
the synthesized signal, the resultant signal is synthe- 
sized with the signal of the previous stage in the same 
way as mentioned above, arKi the signal having no error 
is selected and the selected signal is used as reception 
data. If the reception quality is good, only the first part of 
the received signals has only to be used, and the recep- 
tion operation can be completed with a small amount of 
operations. This makes it possible to further reduce the 
average power consumption as compared with the third 
embodiment. 

(Fifth emtx)diment) 

[0095] FIG. 10 is a t>lock diagram showing the con- 
figuration of a transmission section in an OFDMA signal 
transmission apparatus according to a fifth enrdxxliment 
of the present invention. 

[0096] The feature of the fifth embodiment lies in 
the following points. Namely, the sub-carriers are con- 
tinuously assigned to each mobile station so that modu- 
lation can be carried out by FFT, which is different 
deperKiing on each mobile station on the reception side. 
As a result, the total number of FFT operations can be 
reduced, and AFC. which is different depending on each 
mobile statkm, can be provided so as to improve the 
performance. 

[0097] Transmission sectic»i 400 shown in FIG. 10 
is used in. for example, the mobile station, and mainly 
comprises S/P converter 401 to which transmission 
data is input. IFFT apparatus 402. D/A converter and 
orthogonal modulator 404, transmission amplifier 405, 
and transmission antenna 406. 
[0098] FIG. 11 is a sub-carrier assignment view 
showing an example of sub-carrier assignment in the 
OFDMA signal transmission apparatus according to the 
fifth embodiment of the present invention. 
[0099] FIG. 12 is a block diagram showing the con- 
figuration of a reception section in the OFDMA signal 
transmission apparatus according to the fifth emtxxii- 
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ment of the present invention. 

[0100] Reception section 450 shown in FIG. 12 is 
used in the base station, and the configuration example 
that multiplexes four users. Reception section 450 
mainly comprises reception antenna 451 , quasi-coher- s 
ent detector and A/D converter 452* frequency con- 
verter/low-pass filters 453 to 456. P/S converters 457 to 
460. FFT apparatuses 461 to 464. and P/S converters 
465 to 468. 

[0101] In such a configuration, it is assumed that 
transmission section 400 shown in FIG. 10 is a trans- 
mission part of user A, which is a mobile station. Trans- 
mission data is converted to parallel data by S/P 
converter 401 so as to arrange transmission data of 
user A on the frequency axis as shown in FIG. 1 1 . 
[0102] The atxive arranged data is converted to 
time signals by IFFT apparatus 402 and the time signals 
are converted to serial data by P/S converter 403 so as 
to be changed to time series data. Time series data is 
converted to analog signals by D/A converter and 
orthogonal modulator 404. Thereafter, orthogonal mod- 
ulation is provided to the analog signals, and the orthog- 
onally modulated signals are amplified by transmission 
amplifier 405. and the amplified signals are enrdtled from 
the transmission antenna 406. 

[0103] Regarding users B. C. and D. the similar 
transmission is performed, so that the signals whose 
bands are divided for each user, are emitted as shown 
in FIG. 11. 

[0104] The emitted signals are received by the 
reception antenna 451 of reception section 450 shown 
in FIG. 12. The received data is orthogonally modulated 
by quasi-coherent detector and A/D converter 452. 
Thereafter, the orthogonally modulated data is con- 
verted to digital signals, and output to frequency con- 
verter/low-pass filter 453. 

[0105] Frequency converter/low-pass filter 453 pro- 
vides frequency conversion to the previous digital sig- 
nals such that transmission data of user A becomes 
base band signals. Thereafter, only low pass signals are 
extracted by filtering, so that only the signals of user A 
are extracted. 

[0106] These signals are converted to parallel sig- 
nals by S/P converter 457 and are Fourier transformed 
to signals on the frequency axis by FFT apparatus 461 . 
Then, the converted signals are converted to serial sig- 
nals by P/S converter 465. whereby extracting reception 
data of user A. 

[01 07] Similarly, frequency converter/low-pass filter 
454 provides frequency conversion to the previous dig- 
ital signals such that transmission data of user B 
becomes base band signals. Thereafter, only low pass 
signals are extracted by filtering, so that only the signals 
of user B are extracted. 

[0108] These signals are converted to parallel sig- 
nals by S/P converter 458 and are Fourier transformed 
to signals on the frequency axis by FFT apparatus 462. 
Then, the converted signals are converted to serial sig- 



nals by P/S converter 466, whereby extracting reception 
data of user B. 

[01 09] Similarly, f requerlcy converter/low-pass filter 

455 provides frequency conversion to the previous dig- 
ital signals such that transmission data of user C 
becomes base t>and signals. Thereafter, only low pass 
signals are extracted by filtering, so that only the signals 
of user C are extracted. 

[0110] These signals are converted to parallel sig- 
nals by S/P converter 459 and are Fourier transformed 
to signals on the frequency axis by FFT apparatus 463. 
Then, the converted signals are converted to serial sig- 
nals by P/S converter 467. whereby extracting reception 
data of user C. 

[01 1 1 ] Similarly, frequency converter/low-pass filter 

456 provides frequency conversion to the previous cBg- 
ital signals such that transmission data of user D 
becomes base band signals. Thereafter, only low pass 
signals are extracted by filtering, so that only the signals 
of user D are extracted. 

[0112] These signals are converted to parallel sig- 
nals l3y S/P converter 460 arKi are Fourier transformed 
to signals on the frequency axis by FFT apparatus 464. 
Then, the converted signals are converted to serial sig- 
nals by P/S converter 468, whereby extracting reception 
data of user D. 

[0113] Thus, the frequency bands of the signals 
transmitted from each mobile station are made different 
from each other. Then, in the reception section of the 
base station, the received signals converted to the dig- 
ital signals are divided for each frequency i3and. and the 
signals are converted to the base band signals for each 
band, thereafter the barKi is limited. Then, each signal 
band-limited is converted to the parallel signal and is 
Fourier transformed. Then, the parallel signal is con- 
verted to the serial signal. Since this makes It possit)le 
to convert the respective signals to low frequency sig- 
nals for each user, each FFT apparatus can be down- 
sized. 

[0114] In this example, the number of sub-carriers 
of FFT is reduced to 1/4. This results in the reduction in 
the total number of FFT operations, and this allows 
power consumption to be reduced. 
[0115] Also, since the signals of users A to D are 
separated. AFC (Automatic Frequency Control) is indi- 
vidually provided to the respective signals by the fre- 
quency converter/low-pass filter, allowing the 
compensation for frequency offset, which is different 
depending on each user. This makes it possible to 
improve the reception performance. 

(Sixth embodiment) 

[01 16] FIG. 1 3 is a block diagram showing the con- 
figuration of a transmission section in an OFDMA signal 
transmission apparatus according to a sixth embodi- 
ment of the present invention. 
[0117] The feature of the sixth embodiment lies in 
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the following point. Namely, at the time of performing 
frequency diversity, orthogonal modulation is performed 
with respect to the same base band signals at the differ- 
ent frequency so as to reduce the number of operations 
of IFFT and to realize low power consumption. 
[0118] Transmission section 500 shown in FIG. 13 
is used in. for example, the mobile station, and mainly 
comprises S/P converter 501 to which transmission 
data is input. IFFT apparatus 502. P/S converter 503, 
D/A converter 504, orthogonal modulators 505, 506. 
mixer 507, transmission antplff ier 508, and transmission 
antenna 509. 

[0119] FIG. 14 is a sub-carrier assignment view 
showing an example of sub-carrier assignment in the 
OFDiy^ A signal transm^on apparatus according to the 
sixth emkxxliment of the present invention. 
[0120] As shown in FIG. 14, transmission data of 
user A is mounted on sub-cam er numbers 0, 1 . and 8. 
9. allowing frequency diversity to be realized. Namely, 
this realizes the so-called diversity. In other words, the 
frequencies are set separately from each other such 
that the fading of sub-carriers 0, 1 or that of sub-carriers 
8, 9 becomes sut)stantially Independent of each other. 
Whereby, there is a high probability that the other can 
be received with a sufficiertt level even if either one of 
sub-carriers is subject to a large attenuation by fading. 
[0121] Similarly, transmission data of user B is 
mounted on sub-carrier numbers 2, 3, and 10,11, trans- 
mission data of user C is mounted on sub-carrier rojrh- 
bers 4. 5 and 12, 13. and transmission data of user D is 
mounted on sub-carrier numbers 6. 7, and 14, 15. 
respectively, allowing frequency diversity to be realized. 
[0122] In FIG. 1 3. transmission data is converted to 
parallel data by S/P converter 501 . Then, parallel data is 
converted to time signals by IFFT apparatus 502. and 
the time signals are converted to serial data by P/S con- 
verter 503 so as to be changed to time series data. 
Time series data is converted to analog signals by D/A 
converter 504. Thereafter, orthogonal modulators 505 
and 506 orthogonally modulate the analog signals at 
different central frequencies, and the resultant signals 
are synthesized by mixer 507. 

[0123] This makes it possible to mount the same 
signals on the different sut>-caniers as shown in FIG. 
14. Then, the synthesized signals are amplified by 
transmission amplifier 508. and the amplified signals 
are emitted from transmission antenna 509. 
[01 24] Thus, in the transmission section, which per- 
forms the OFDMA signal transmission, transmission 
data, which has been converted to serial data, is con- 
verted to analog signals, and data converted to analog 
signals and a plurality of carriers each having a drfferent 
center frequency are orthogonally modulated. The 
orthogonally modulated signals are mixed and transmit- 
ted to perform frequency diversity. For this reason, at 
the time of performing frequency diversity, processing of 
one sequence may be used until D/A conversion, with 
the result that the nunriber of operations of IFFT can be 



largely reduced, and this allows reduction in power con- 
sumption to be improved. 

(Seventh embodiment) 

5 

[01 25] FIG. 1 5 is a blodc diagram showing the con- 
figuration of a transmission section in an OFDMA signal 
transmission apparatus according to a seventh mtxxii- 
ment of the present invention. 

10 [0126] The feature of seventh emtx)dimerTt lies in 
the following point. Namely, at the time of performing 
frequency diversity, signals are generated at a different 
frequency on the digital signals, and this allows the 
reduction in the number of operations of IFFT without 

IS increasing the number of orthogonal modulators, and 
this realizes the low power consumption. 
[0127] Transmission section 600 shown in FIG. 15 
is used in, for example, the mobile station, and mainly 
comprises S/P converter 601. IFFT apparatus 602. P/S 

20 converter 603. frequency converter 604, adder 605. D/A 
converter 606. orthogonal modulator 607. transmission 
amplifier 608. and transmission antenna 609. 
[0128] In such a configuration, transmission data is 
converted to parallel data by S/P converter 601. and 

25 parallel data is converted to time signals by IFFT appa- 
ratus 602, Then, time signals are converted to serial 
data by P/S converter 603 so as to be changed to time 
series data. 

[0129] Time series data is frequency converted by 
30 frequency converter 604. and frequency converted data 
and non-frequency converted data from P/S converter 
603 are synthesized by adder 605. This makes it possi- 
ble to mount the same signals on different sub-carriers 
as shown in FIG. 1 4. 
35 [0130] Then, data synthesized by adder 605 is con- 
verted to anatog signals by D/A converter 606. thereaf- 
ter the analog signals are orthogonally nrxxLilated by 
orthogonal modulator 607. Then, the orthogonally mod- 
ulated signals are amplified by transmission amplifier 
40 609 and the amplrfred signals are emitted from trans- 
mission antenna 609. 

[01 31 ] Thus, in the transmission section, which per- 
forms the OFDMA signal transmission, transmission 
data, which has been converted to serial data, is fre- 

45 quency converted, and frequency converted data and 
serial data are added. Then, added data is converted to 
analog signals, and the analog signals are orthogonally 
modulated and transmitted. This makes it possible to 
perform processing in which the same signals are 

so mounted on different sub-carriers whose frequencies 
are separated from each other by digital processing at 
the time of performing frequency diversity, with the 
result that the number of operations of IFFT can be 
reduced and power consumption can be improved. Fur- 

55 ther. as compared with the sixth embodiment, the 
number of analog circuits such as orttiogonal modula- 
tors can be reduced. 
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(Eighth embodiment) 

[0132] FIG. 1 6 Is a block diagram showing the con- 
figuration of a reception section in an OFDMA signal 
transmission apparatus according to an eighth embodi- 
ment of the present invention. In FIG. 16. only the por- 
tion relevant to reception data of user A is shown. 
[0133] The feature of the eighth emkxxliment lies in 
the following point. Namely, at the time of performing 
frequency diversity, FFT with a small number of sub-car- 
riers is carried out every k>and, and the obtained results 
are synthesized, so that the total number of FFT opera- 
tions can be reduced and low power consumption can 
be improved. Also, AFC processing, which is different 
depending on each received signal having a different 
frequency, is performed so as to Improve the reception 
performance. 

[0134] Transmission section 550 shown in FIG. 16 
mainly comprises reception antenna 551, quasi-coher- 
ent detector and A/D converter 552, frequency con- 
verter/low pass filters 553, 554. P/S converters 559, 
560. and synthesizer 561 . 

[0135] Reception section 550 shown in FIG. 16 is 
used in, for exanple, the base station. The mobile sta- 
tion, which is the receiver side, is configured such that 
frequency diversity can be carried out as in sixth and 
seventh embodiments. 

[0136] In FIG. 16. the signals received by reception 
antenna 551 are orthogonally demodulated by quasi- 
coherent detector and A/D converter 552. thereafter 
being A/D converted. As shown in FIG. 14. if each of 
four users uses two sub-canrier groups, eight sub-car- 
rier groups are used. 

[0137] Among these su!>-canrier groups. A/D con- 
verted digital signals of user A form two sub-carrier 
groups each having a different center frequency These 
signals are converted such that the signals of each 
band are set to low frequencies by frequency con- 
verter/low pass filters 553. 554. 
[0138] In the case of the transmission signals as 
shown in FIG. 14, sub-carriers 0, 1 are extracted at fre- 
quency converter/low pass filter 553 and sub-can^iers 8, 
9 are extracted at frequency converter/tow pass filter 
554. 

[0139] An output signal of frequency converter/low 
pass filter 553 is converted to parallel data by S/P con- 
verter 555, and parallel data is cc^erted to a time sig- 
nal by FFT apparatus 557, and the time signal is 
converted to serial data by P/S converter 559. Similarly, 
an output signal of frequency converter/low pass fitter 
554 is converted to parallel data by S/P converter 556. 
and parallel data is converted to a time signal by FFT 
apparatus 558. and the t'me signal is converted to serial 
data by P/S converter 560. 

[0140] Signals output from P/S converters 559 and 
560 are synthesized by synthesizer 561 using a rnaxi- 
mum ratio synthesis method, whereby obtaining recep* 
tion data of user A. This makes it possible to realize 



frequency diversity using the signal with sub-carriers 0. 
1 and the signal with sub-canier 8, 9. 
[0141] By providing the same processing as men- 
tioned above to the signals of the respective sub-carrier 

5 groups extracted from quasi-coherent detector and A/D 
converter 552. reception data of users 6. C. D can be 
obtained, respectively (not shown in FIG. 16). 
[0142] Thus, the frequency bands of the signals 
transmitted from the respective mobile stations are 

10 made different from each other. Then, in the reception 
section of the base station, the signals received by fre- 
quency diversity are orthogonally demodulated to be 
converted to the digital signals, and the digital signals 
are divided for each frequency band and the signals are 

IS converted to the base band signals for each band. 
Thereafter, the base band signals are converted to the 
parallel signals and are Fourier transformed to signals 
on the frequency axis. The parallel signals are con- 
verted to serial signals, and the serial signals are syn- 

20 thesized so as to obtain reception data. As a result, a 
good transmission quality can be obtained. 
[0143] Also, since the FFT operation to each sub- 
carrier group is carried out after converting the signals 
to low frequency signals, the number of operations of 

25 each FFT is reduced and the total number of operations 
may be small on the whole as compared with the case 
in which TFF is performed by one operation. This allows 
power consumption to be reduced. Moreov^, perform- 
ance of AFC. which is different depending on each 

30 mofcMie station, makes it possible to compensate for fre- 
quency offset of individual mobile apparatuses. 

(Ninth emk>odiment) 

35 [0144] FIG. 1 7 is a block diagram showing the con- 
figuration of a reception section in an OFDMA signal 
transmission apparatus according to a ninth embodi- 
ment of the present invention. In FIG. 17, only the por- 
tion relevant to reception data of user A is shown. 

40 [0145] The feature of the ninth embodiment lies in 
the following point. Namely, at the time of performing 
frequency diversity, the signals are extracted every 
band, and the extracted signals are converted to low 
pass signals. Then, the signals are synthesized for each 

45 user. TTiereafter, FFT with a small number of sub-carri- 
ers, is carried out and the ok>tained results are synthe- 
sized, so that the total nurrdser of FFT operations can be 
further reduced as compared with the eighth embodi- 
ment, arxi low power consumption can be improved. 

50 Also. AFC processing, which is different depending on 
each mobile station, can be provkJed so as to improve 
the reception performance. 

[0146] Transmission section 650 shown in FIG. 17 
mainly comprises reception antenna 651 . quasi-coher- 
55 ent detector and A/D converter 652. frequency con- 
verter/low pass filters 653, 654. S/P converter 656. FFT 
apparatus 657, and P/S converter 658. Reception sec- 
tion 650 shown in FIG. 17 is used in, for example, the 
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base station. The mobile station, which is the transmit- 
ter side, is configured such that frequency diversity can 
be carried out as in sixth and seventh enrtxxJiments. 
[0147] In FiQ. 17, the signals received by reception 
antenna 651 are orthogonaliy demodulated by quasi- 
coherent detector and A/D converter 652, thereafter 
being A/D converted. As shown In FIQ. 14, if each of 
four users uses two suk>-carrier groups, eight sub-car- 
rier groups are used. 

[0148] Among these sub-carrier groups. A/D con- 
verted digital signals of user A form two sub-carrier 
groups each having a different center frequency. These 
signals are converted such that the signals of the 
respective bands are set to low frequencies by fre- 
quency converter/low pass filters 653. 654. 
[0149] In the case of the transmission signals as 
shown In FIG. 14, sub-carriers 0. 1 are extracted at fre- 
quency converter/low pass filter 653 and sub-canriers 8. 
9 are extracted at frequency converter/low pass filter 
654. 

[01 50] Signals output from frequency converter/low 
pass filters 653. 654 are synthesized by synthesizer 655 
using a maximum ratio synthesis method, whereby real- 
izing frequency diversity using the signal with sub-carri- 
ers 0, 1 of user A and the signal with sub-carrier 8. 9. 
[0151] Synthesized data output from synthesizer 
655 is converted to parallel data by S/P converter 656. 
Thereafter, parallel data is converted to time signals by 
FFT apparatus 657. Then, time signals are converted to 
serial data by P/S converter 658. whereby olstaining 
reception data of user A. 

[0152] By providing the same processing as men- 
tioned above to the signals of the respective sub-carrier 
groups extracted from quasi-coherent detector and A/D 
converter 652. reception data of users B, C. D, can be 
obtained, respectively (not shown in FIG. 17). 
[0153] Thus, the frequency bands of the signals 
transmitted from the respective mobile stations are 
made different from each other. Then. In the reception 
section of the base station, the signals received by fre- 
quency diversity are orthogonally demodulated to be 
converted to the digital signals. Then, the digital signals 
are divided for each frequency band, and the signals 
are converted to the base band signals for each band to 
be synthesized. Thereafter, the synthesized signals are 
converted to the parallel signals and are Fourier trans* 
formed to signals on the frequency axis. The resultant 
signals are converted to serial signals so as to obtain 
reception data. Whereby, the same effect as that of the 
eighth embodiment can be obtained. In addition, the 
total number of FFT operations can be reduced to the 
half of the eighth embodiment, and this allows power 
consumption to be further reduced. 
[0154] As being obvious from the above explana- 
tion, according to the present invention, by devising the 
arrangement of the sub-carriers of OFDM signals and 
providing the configuration, which is necessary for real- 
izing the arrangement, to the transntission section or 



the reception section, the circuit configuration with a 
small amount of operations can be realized, and the 
reduction in power consunrtption can be improved. 
[0155] Also, in the reverse signals, since the com- 
5 pensation for frequency offset, which is different 
depending on each user (mobile station), can be carried 
out by individual AFC, the reception quality can be 
Improved. 

[0156] This application is based on the Japanese 
10 Patent Application No. HEI 10-153214 fyed on June 2. 
1998, entire content of which is expressly incorporated 
by reference herein. 
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Claims 

1 . An OFDMA signal transmission apparatus compris- 
ing: 

a plurality of S/P converting means for convert- 
ing a plurality of serial signals to parallel sig- 
nals: 

rearranging means for rearranging the plurality 
of parallel signals output from the S/P convert- 
ing means at intervals of a power of 2 to per- 
form sub-carrier assignment; 
I FFT means for performing Inverse Fast Fou- 
rier transform with respect to the number of 
sub-carriers, which is varied depending on the 
number of output signals of the rearranging 
means; 

P/S converting means for converting the output 
signals of the IFFT means to serial signals; 
D/A converting means for converting the serial 
signals output from the P/S converting means 
to analog signals; and 

orthogonally modulating means for converting 
frequencies of the analog signals. 



2. An OFDMA signal transmission apparatus compris- 
40 ing: 



signal processing means of a plurality of 
sequences for converting serials to parallel sig- 
nals, for performing Inverse Fast Fourier Trans- 
form with respect to the number of sub-carriers, 
which is varied depending on the number of the 
parallel signals, for converting the parallel sig- 
nals to serial signals, for converting the serial 
signals to analog signals, for converting fre- 
quencies of the analog signals, and for amplify- 
ing the signals: and 

mixing means for mixing the signals output 
from the signal processing means of the plural- 
ity of sequences. 
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3. An OFDMA signal transmission apparatus compris- 
ing: 
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orthogonally demoduiating means for orthogo- 
nally demodulating received signals to which 
only suk>-canriers are assigned at intervals of a 
power of 2 by the OFDMA signal transmission; 
A/D converting means for converting the 
orthogonally demodulated signals to digital sig- 
nals; 

signal processing nneans of a plurality of 
sequences for converting the respective sig- 
nals, which are obtained by dividing the digital 
signals at each time, to parallel signals, there- 
after being Fourier transformed, and for con- 
verting the parallel signals to serial signals; and 
synthesizing means for synthesizing the serial 
signals output from the signal processing 
means of the plurality of sequences. 

4. The apparatus according to daim 3, wherein the 
synthesizing means synthesizes one or a plurality 
of signals of the serial signals output from the signal 
processing means of a plurality of sequences. 

5. The apparatus according to daim 4, further com- 
prising error detecting means for performing an 
error detection with respect to output signals of the 
synthesizing means, wherein when an error is 
detected, the synthesizing means synthesizes 
serial signals outfMJt from the signal processing 
means of the sequence, which is different from the 
previous sequence. 

6. The apparatus according to daim 5, wherein the 
synthesizing means first outputs serial signals out- 
put from any one of the signal processing means, 
and synthesizes one of serial signals, which have 
not been used yet in synthesis, with the previously 
synthesized signals every time when an error is 
detected by the error detection means. 

7. The apparatus according to daim 5, further com- 
prising swvitching means for stopping an input of the 
digital signals with respect to the signal processing 
means of the sequence, which has not been used 
in synthesis, when no error is detected by the error 
detection means. 

8. An OFDMA signal transrrussion apparatus compris- 
ing: 

a plurality of S/P converting means for convert- 
ing serial signals to parallel signals; 
IFFT means for performing inverse fast Fourier 
transform with respect to the plurality of parallel 
signals output from the S/P converting means; 
P/S converting means for cortverting parallel 
data output from the IFFT means to serial data; 
D/A converting means for converting the serial 
data to analog signals; 



orthogonally modulating means for orthogo- 
nally modulating the analog signals and a plu- 
rality of carriers each having a different center 
frequency; and 
5 mixing means for mixing the plurality of signals, 

which have been orthogonally modulated. , 

9. An OFDMA signal transmission apparatus compris- 
ing: 

10 

a plurality of S/P converting means for convert- 
ing serial signals to parallel signals; 
IFFT means for performing inverse fast Fourier 
transform with respect to the plurality of parallel 

IS signals output from the S/P converting means; 

P/S converting means for converting parallel 
data output from the IFFT means to serial data; 
frequency converting means for performing fre- 
quency conversion of the serial data; 

20 adding means for adding the frequency con- 

verted data and the serial data; 
D/A converting means for converting the added 
data to analog signals; and 
orthogonally modulating means for orthogo- 

26 nally modulating the analog signals. 

1 0. An OFDMA signal transmission apparatus compris- 
ing: 

30 orthogonally demodulating means for orthogo- 

nally demodulating signals received by fre- 
quency diversity; 

A/D converting means for converting the 
orthogonally demodulated signals to digital sig- 

35 nals; 

frequency converting means for dividing the 
digital signals for the respective frequency 
bands and converting the signals to base band 
signals of the respective bands: 

40 low pass filtering means for limiting each band 

of tiie base barKi signals divided for each band; 
S/P converting means for converting the 
respective signals whose bands are limited to 
parallel signals; 

45 FFT means for Fourier transforming the 

respective parallel signals; 
P/S converting means for converting tiie 
respective signals output from the FFT means 
to serial signals so as to obtain signals each 

50 having a natural frequency; and 

synthesizing means for synthesizing the sig- 
nals of natural frequences every plurality of 
numbers of signals so as to obtain a plurality of 
reception data. 

55 

1 1 . An OFDMA signal transmission apparatus compris- 
ing: 
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orthogonally demodulating means for orthogo- 
nally demodulating signals received by fre- 
quency diversity; 

A/D converting means for converting the 
orthogonally demodulated signals to digital sig- s 
nals; , 

frequency converting means for dividing the 
digital signals for the respective frequency 
bands and converting tiie signals to base band 
signals of the respective bands; 
low pass filtering means for limiting the respec- 
tive bands of the base band signals divided for 
the respective bands; 

synthesiang means for synthesizing the 
respective base band signals whose bands are 
limited every plurality of number of signals; 
S/P converting means for converting the 
respective synthesized signals to parallel sig- 
nals; 

FFT means for Fourier transforming the 
respective parallel signals; and 
P/S converting means for converting the 
respective signals output from the FFT means 
to serial signals so as to obtain a plurality of 
reception data. 

1 2. A communication terminal apparatus comprising an 
OFDMA signal transmission apparatus, the 
OFDM A signal transmission apparatus comprising: 

a plurality of S/P converting means for convert- 
ing a plurality of serial signals to parallel sig- 
nals; 

rearranging means for reananging tine plurality 
of parallel signals output from the S/P convert- 
ing means at intervals of a power of 2 to per- 
form sul>carrier assignment; 
IFFT means for performing Inverse Fast Fou- 
rier transform with respect to the number of 
sub-carriers, which is varied depending on the 
number of output signals of the rearranging 
means; 

P/S converting means for converting the output 
signals of the IFFT means to serial signals: 
D/A converting means for converting the serial 
signals output from the P/S converting means 
to analog signals; and 

orthogonally modulating means for converting 
frequencies of the analog signals. 

13. A base station apparatus conrprising an OFDMA 
signal transmission apparatus, the OFDMA signal 
transmission apparatus comprising: 

a plurality of S/P converting means for convert- 
ing a plurality of serial signals to parallel sig- 
nals; 

rearranging means tor reananging tiie plurality 



of parallel signals output from the S/P convert- 
ing means at intervals of a power of 2 to per- 
form sub-carrier assignment; 
IFFT means for performing Inverse Fast Fou- 
rier transform with respect to the number of 
sub-carriers, which is varied depending on tiie 
number of output signals of the rearranging 
means; 

P/S converting means for converting the output 
signals of the IFFT means to serial signals: 
D/A converting means for converting the serial 
signals output from the P/S converting means 
to analog signals; and 

orthogonally modulating means for converting 
frequencies of the analog signals. 

14. An OFDM base station apparatus comprising: 

orthogonally demodulating means for orthogo- 
nally demodulating received signals in which 
continuous sub-carriers are assigned thereto 
for each communication terminal apparatus 
and frequencies of the sub-carriers are differ- 
ent depending on each communication termi- 
nal apparatus; 

A/D converting means for converting the 
orthogonally denKXlulated signals to digital sig- 
nals; 

frequency converting means for converting the 
digital signals to base band signals for the 
respective bands; 

S/P converting means for converting the 
respective base band signals to parallel sig- 
nals; 

FFT means for Fourier transforming the 

respective parallel signals; and 

P/S converting means for converting the output 

signals from the FFT means to serial signals so 
as to obtain signals each having a natural fre- 
quency. 

15. An OFDMA signal transmission meUiod comprising 
the steps of: 

converting a plurality of serial signals to parallel 
signals, thereafter rearranging the parallel sig- 
nals at intervals of a power of 2 so as to per- 
form sub-carrier assignment; 
performing Inverse fast Fourier transform with 
respect to the number of sub-carriers, which is 
varied depending on the number of parallel sig- 
nals to which the assignment has been per- 
formed; 

converting the Fourier transformed parallel sig- 
nals to serial signals; 

converting tiie converted serial signals to ana- 
log signals, thereafter converting the analog 
signals to high frequency signals. 
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16. An OFDMA signal transmission method comprising 
the steps of: 

converting serial signals to parallel signals for 
each sequence; 

perfornrting inverse fast Fourier transform with 
respect to the number of sub-carriers, which is 
varied depending on the numt>er of the parallel 
signals; 

converting the Fourier transformed parallel sig- 
nals to serial signals; 

converting the serial signals to analog signals: 
converting the analog signals to high frequency 
signals, thereafter amplifying the signals: and 
mixing the cmiplified signals of a plurality of 
sequences. 
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the steps of: 

converting serial data to parallel data, thereaf- 
ter performing inverse fast Fourier transform 
with respect to the parallel data; 
converting the converted parallel data to serial 
data, thereafter converting the serial data to 
analog signals; 

orthogonally modulating the analog signals 
and a plurality of carriers each having a differ- 
ent center frequency; and 
mixing a plurality of signals, which have been 
orthogonally modulated. 

20. An OFDMA signal transmission method comprising 
the steps of: 



converting serial signals to parallel signals, 
thereafter performing inverse fast Fourier trans- 
20 form with respect to the parallel data; 

converting the converted parallel data serial 
data, thereafter performing frequency conver- 
sion of the serial data; 

adding the frequency converted data and the 
25 serial data; and 

converting the added data to analog signals, 
thereafter orthogonally modulating the analog 
signals. 



17. An OFDMA signal transmission method comprising 
the steps of: 

orthogonally demodulating received signals to 
which only sut>-carriers are assigned at inter- 
vals of a power of 2 by the OFDMA signal 
transmission, thereafter converting the signals 
to digital signals; 

dividing the digital signals at each time; 
converting the divided signals to parallel sig- 
nals; 

Fourier transforming the parallel signals; 
perforrrang signal processing of a plurality of 
sequences for converting the parallel signals to 
serial signals; and 

synthesizing the serial signals obtained by the 
signal processing of a plurality of sequences. 

18. An OFDMA signal transmission method comprising 
the steps of: 

orthogonally demodulating received signals to 
which only sub-carriers are assigned at inter- 
vals of a power of 2 by the OFDMA signal 
transmission, thereafter converting the signals 
to digital signals; 

dividing the digital signals at each time; 
converting the divided signals to parcUld sig- 
nals; 

Fourier transforming the parallel signals; 
performing signal processing of a plurality of 
sequences for converting the parallel signals to 
serial signals; 

performing an error detection with respect to 
any one of the serial signals; and 
synthesizing one of the serial signals, which 
have not been used yet in synthesis, with the 
previously synthesized signals every time 
when an error is detected. 

19. An OFDMA signal transmission method comprising 



30 21. An OFDMA signal transmission method comprising 
the steps of: 

orthogonally demodulating signals received by 
frequency diversity, thereafter converting the 
35 orthogonally demodulated signals to digital sig- 

nals; 

dividing the digital signals for the respective fre- 
quency beuids to convert the signals to base 
t>and signals of the respective bands; 
40 converting the base band signals to parallel 

signals, thereafter Fourier transforming the par- 
allel data; 

converting the signals to serial signals so as to 
obtain signals each having a natural frequency; 
45 artd 

synthesizing the signals of natural frequencies 
every plurality of numbers of signals so as to 
obtain a plurality of reception data. 

50 22. An OFDMA signal transmission method comprising 
the steps of: 

orthogonally demodulating signals received by 
frequency diversity, thereafter converting the 
55 orthogonally demodulated signals to digital sig- 

nals; 

dividing the digital signals for the respective fre- 
quency bands to convert the signals to base 
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band signals of the respective bands; 
synthesizing the base band signals every plu- 
rality of number of signals, thereafter convert- 
ing the synthesized signals to parallel signals; 
Fourier Transforming the respective converted s 
parallel signals, thereafter converting the paral- 
lel signals to serial signals so as to obtain a plu- 
rality of reception data. 

23. An OFDMA signal transmission method comprising io 
the steps of: 

making frequency of sub-carriers different 
depending on each communication ternrunal 
apparatus; 75 
converting serial data to parallel data to be 
arranged on the frequency of continuous sub- 
carriers assigned for each communication ter- 
minal apparatus, thereafter perfc^-ming inverse 
fast Fourier transform with respect to the paral- 20 
lei data; 

converting tiie transformed parallel data to 
serial data, thereafter converting the serial data 
to analog high frequency signals to be transmit- 
ted; 25 
orthogonally demodulating the signals transr 
mitted from each communication terminal in a 
base station apparatus, thereafter converting 
tiie signals to digital signals; 
dividing the digitcU signals for the respective fre- 30 
quency bands to be converted to base band 
signals of the respective bands, tiiereafter lim- 
iting the bands; 

converting the resp^ve signals whose bands 
are limited to parallel signals, thereafter being as 
Fourier ti-ansformed to signals on a frequency 
axis; and 

converting the signals on the frequency axis to 
serial signals to obtain signals of the respective 
natural frequencies. 40 
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